Abstract: Skin diseases are common worldwide, though prevalence rates in rural areas are difficult to estimate, and are primarily based on hospital studies rather than community-based studies. Primary health care providers in rural areas often lack sufficient knowledge about skin diseases, which contributes to poor skin management and subsequently causes considerable morbidity. This study looked at the performance of first-line health care providers in the management of common skin disease, using an algorithmic approach with a flowchart with diagnostic steps. As a reference standard, two dermatologists independently validated the diagnoses and treatment choices made by the providers. The performance of the algorithm was calculated in terms of the sensitivity, specificity, positive predictive value (PPV), and negative predictive value for each skin disease of the algorithm. A total of 19 patent medicine vendors and 12 traditional healers from Kano State in Nigeria diagnosed 4,147 patients with suspected skin symptoms. The most common skin disease was tinea capitis (59.2%), and it was found predominantly among boys below 15 years of age. Together, patent medicine vendors and traditional healers had 82% of the cases correctly diagnosed, and in 82% they prescribed the correct treatment. The sensitivities varied for each skin disease from 94.8% for tinea capitis to 7.1% for contact dermatitis. The specificities varied between 87.0% and 98.6%. Except for tinea capitis, lower PPVs were found for the various skin diseases when compared to earlier studies. In spite of the observed low sensitivities and low PPVs for several diseases, the algorithm seems to offer an improvement in management of common skin diseases at the peripheral level. With adaptations in training, further refinement of the algorithm and refresher training, predictive values and sensitivities can be increased.
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Taal et al that respectively 11.7% and 9.8% of the patients consulted primary health centers with skin-related symptoms.
Different patterns of skin diseases exist within and between African countries due to climatic factors, socioeconomic conditions, hygiene practices, urban or rural areas, household density, genetics, nutritional status, and the distribution of infective agents. 2, 4, 14 Hot, humid climates and rural areas for example induce fungal, bacterial, and parasitic skin diseases, while, acne and dermatitis are more common in urban areas. [14] [15] [16] [17] The global epidemiological study of Hay et al 18 demonstrated that the highest prevalence rates per 100,000 population of fungal skin diseases and scabies are found in the southern Sub-Saharan Africa region and tropical Latin American region, respectively, whereas the highest prevalence rates of eczema and acne vulgaris occur in nontropical Latin America and western Europe respectively.
The pattern of skin diseases in Nigeria has altered over time, as a result of changes in socioeconomic conditions and lifestyle, improved therapies, increased exposure to irritants (rubber, cosmetics, pesticides, petrochemicals), and increased migration. [19] [20] [21] Community-based studies in Nigeria have reported prevalence rates of skin diseases (or dermatophytoses alone) between 10% and 64%. 1, 13, [22] [23] [24] [25] [26] [27] The most common skin condition was fungal infections, especially tinea capitis among school-age children, especially boys, accounting for 43% of the skin diseases in the community. 1, 13, 22, 23, 25 Other common skin conditions were impetigo, 13, 24 scabies, miliaria, pyoderma, 13 and tribal marks. 23 Several studies have reported a correlation between skin manifestations and HIV/AIDS, with skin manifestations in 75%-90% of these cases. [28] [29] [30] [31] Nigeria has more than 3.2 million people living with HIV/AIDS, of whom 12.5% are children below the age of 15 years. 32 Common skin manifestations related to HIV/AIDS were pruritic papular eruption and seborrhoeic dermatitis, followed by herpes zoster, dermatophytosis, candidiasis, molluscum contagiosum, xeroderma, and drug eruptions. 20, 33, 34 In a setting with a high HIV prevalence, such skin manifestations are predictors for the presence, progression, and severity of the HIV infection. In a study by Ukonu and Eze 34 in south Nigeria, 55% of all the patients attending the dermatology clinic were HIV/AIDS patients and presented with multiple skin diseases.
Skin diseases cause considerable morbidity in developing countries, and primary health care providers are often not properly trained to recognize different skin diseases. The concept of community dermatology, developed by the Tropical Disease Research Centre in Mexico, focuses on the management of skin diseases in both rural and urban areas. The approach emphasizes the control of skin diseases, through training of health service personnel in the recognition, treatment, and control of common skin diseases; assessing the impact of skin disease on the patients' social life; and evaluating interventions. Rare diseases such as leprosy and some neglected tropical diseases with skin manifestations could also profit from this concept when integrated. 35 Two studies in Kenya and Ethiopia demonstrated that community health workers are able to recognize and manage common skin diseases successfully. 8, 36 Mahé et al 37 developed a diagnostic algorithm to support health workers to recognize skin diseases at community level in sub-Saharan countries. This algorithm consists of a flowchart that identifies the most common skin diseases, such as tinea capitis, pyoderma, scabies, superficial mycosis, and contact dermatitis, and includes the referral of suspected leprosy cases. 37 Several types of first-line health providers are present in rural areas in Nigeria, allowing patients with suspected skin symptoms to choose between modern and traditional medicine. Up to 80% of African population consult a traditional healer (TH) for skin care, for reasons of being more accessible, cheaper, client centered, and culture appropriate. 5, 38, 39 In Nigeria, the situation is similar, with more people consulting THs than patent medical vendors (PMVs). The nonpharmaceutically qualified PMVs frequently have a background in health, supply patent medicines to patients, and provide advice or guidance on the use of drugs or information about diseases. 40 THs rely on their knowledge of plants, transferred within the ethnic group or within the family. 41 Usually PMVs and THs are not trained in managing common skin diseases. 42 This study investigates if such providers in northern Nigeria can diagnose and manage common skin diseases in at least 80% of the cases, with a $5% "risk of harm" if wrongly treated after being trained in using Mahé's algorithm (flowchart), modified as a patient record card. The aim was to learn lessons to refine and expand this approach.
Materials and methods
The flowchart
This pilot study is based on the algorithmic approach to common skin diseases of Mahé, with the addition of pityriasis versicolor (Table 1) . A flowchart follows a sequence of diagnostic steps, identifying certain objective clinical signs. Each patient with a suspected skin disease was first assessed for the presence of pyodermal signs and symptoms ( 
Population study
This prospective pilot study was conducted in two local government areas (LGAs) Bunkure (rural) and Nassarawa (urban) in Kano State, northern Nigeria, in 2013-2014. Sample size calculations were based on the levels of agreement between dermatologists and providers using the diagnostic algorithm, as found by Mahé et al. 37 Here, the most important proportion was the "risk of harm", which was an acceptable level of 6.3% out of a sample of 1,010 patients. To demonstrate that 5% of the diagnoses/treatments have a "risk of harm" (confidence interval, 95%; precision, 1.5%), a sample of 811 patients was needed (EpiCalc 2000, sample/ precision/single proportion). Taking into account that there were two distinguishable groups, the PMVs and THs, a disaggregated analysis of each group was made. Hence, a two times bigger sample size was required, and a total sample of 1,622 would be sufficient. After reaching the sample size of 1,622 patients, it was decided to extend the study and gather more data. Patients presenting with a skin disease and attending the first-line health care provider for the first time were asked to participate in the study. Those who gave verbal consent were included in the study. Ethical approval had been obtained from the Kano State health authorities.
The primary and secondary health care providers and validators
A total of 40 first-line health care providers were approached to use the adapted Mahé algorithm. This study selected 20 PMVs and 20 THs (members of the Traditional Healers Association) in the two LGAs. These PMVs and THs participated in a 2-day training, given by two experienced dermatologists in Kano, for disease recognition and therapy. They were trained to use the algorithm as a diagnostic tool, 
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Taal et al take pictures of skin diseases, and refer any skin condition not fitting in the algorithm. To test their diagnostic skills and assess the effectiveness of the training, two tests were performed: before the training and directly after the training. The test consisted of 18 questions, with visuals about diagnosis and treatment, using the algorithm as basis. The test results improved considerably as a result of the training; PMVs improved from 38% correct answers before the training to 86% correct answers after the training, and THs from 33% to 83%. An 80% pass mark, ie, when 80% of the questions were correct, had been set as condition to take part in the pilot study. A total of 19 PMVs and 12 THs, all males with the exception of one female PMV, passed the 80% mark and were included.
Two hospitals were selected to examine the patients who were referred by the PMVs and THs, ie, the Rano General Hospital in Bunkure LGA and the Sir Mohammed Sunusi General Hospital in Nassarawa LGA. Four second-line service providers, two nurses and two community health workers, were intensively trained for 6 weeks in the recognition of a variety of skin diseases. Their knowledge and the impact of the training were also assessed by two tests, a pretest and a posttest. All the four providers had minimal background knowledge, with 1% correct at the pretest, but improved to 35%-56% in the posttest. The test at this level was up to the standard of medical officers, hence the rather low results.
Two dermatologists (validators), both having more than 20 years of work experience in two different teaching hospitals in Nigeria, independently validated the diagnoses and treatment choices made by the PMVs and THs. The opinion of these dermatologists, though not blind to the initial diagnoses and treatment, was considered as the reference standard.
Data collection
In practice, the PMVs and THs were asked to fill in the patients' particulars, diagnosis, and treatment based on the algorithm, and to take photos of the affected skin. Patients with incomplete records or photos of poor quality were excluded from the study.
The two dermatologists then independently reviewed the patient records and the photos The validation included correctness of diagnosis and treatment, correctness of the decision to refer, and correctness of diagnosis and treatment at referral level. The judgment of these validators held. In case of disagreement between the two validators, a third validator, a dermatologist working in a referral hospital, made the final decision.
Data analysis
The diagnostic and therapeutic data from the algorithm were compared with the validated results of the validators in order to assess the performance of the algorithm as well as the performance of the providers. The performance of the algorithm was calculated in terms of the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) for each skin disease of the algorithm. Outcomes were compared to the study of Mahé et al. 37 The performance of each of the providers was also calculated with the abovementioned statistical tools. Sensitivity is the proportion of true positives for a specific skin disease diagnosed by the PMVs and THs as confirmed by the validators. 43 The PPV indicates the probability that the diagnosis of the specific skin disease, determined in accordance with the flowchart, is accurate for that specific disease. The NPV indicates the probability that all diagnoses other than the specific disease are accurate for other diagnoses than the specific disease. 44 These statistical analyses were performed in Microsoft Excel 2010.
Two dermatologists reviewed the treatment choices made by the providers as "correct" or "incorrect". To measure the "potential harm" done by making inaccurate treatment choices by providers, the third validator valued "incorrect" cases in levels of harmfulness as described by Mahé et al. 37 "No harm" was defined as "topical steroids were indicated, but not used" and "incorrect treatment, but no harm done". "Potential harm" was defined as "lack of essential medication (in case of pyoderma)" and "harmful treatment (wrong use of antibiotics)".
Results Patients
A total of 5,097 patients with a suspected skin disease attended the PMVs and THs between October 2011 and December 2012. Among the 5,097 cases, 4,147 cases had complete records with high quality photos and gave verbal consent to participate in the study ( Table 2 ). The remaining 950 cases had incomplete records, unreadable records, missing photos, or photos with poor quality. All patients other than those referred received treatment directly after the diagnosis was set. None of the patients recorded adverse events due to inaccurate diagnosis or treatment. Almost 70% of the study population consulted a PMV. There were significantly more males (3,545) than females (602), with a male:female ratio of 5.9:1. Of all cases, 75% were below 15 years old, and 61% consulted an urban health care provider. A large proportion of the study population (70%) had no or only primary education. 
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Skin diseases
The main skin diseases found are shown in Table 3 . Tinea capitis was the most common skin disease accounting for 59.2% of all the cases and accounted for 89% of cases in children below 15 years. Among all males and females, a higher proportion of 65% compared to 26%, respectively, had tinea capitis, whereas smaller differences were found between rural (56%) and urban (61%) providers (ie, PMVs and THs). The second most common skin disease was contact dermatitis (7.5%) and other variants of dermatitis, including atopic dermatitis and seborrheic dermatitis. Females (14%) showed symptoms more often of contact dermatitis compared to males (6%). The other skin diseases in the flowchart (eg, pyoderma, pityriasis versicolor, superficial mycosis, and scabies) had proportions between 3.0% and 5.7%. In total, 0.4% of cases were referred for suspected leprosy. Rarer skin diseases found in this study were acne vulgaris, lichen simplex chronicus, papular urticaria, ecthyma, chicken pox, vitiligo, and yaws. Although this study did not record HIV infections, only 0.5% of the cases could be classified as typical HIV/AIDS-related skin diseases, including molluscum contagiosum, Kaposi's sarcoma, and herpes zoster.
Performance of the algorithm: diagnosis
The performance of the algorithm used by PMVs and THs was assessed in terms of sensitivity, specificity, PPV, and NPV (Table 4 ). The PMVs and THs, respectively, had 81.2% and 82.0% of the cases correctly diagnosed and/or referred. Among the 19 PMVs and 12 THs, five PMVs and two THs performed very well and had more than 90% of the diagnoses correct, four PMVs and five THs performed well, and had between 80% and 90% correct diagnoses, whereas ten PMVs and five THs performed poorly with #80% of the diagnosis being correct (data not shown).
Overall, THs had higher sensitivities compared to PMVs, except for pityriasis versicolor (Table 4) . Very low sensitivities were seen for contact dermatitis (5.5%), superficial mycosis 
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Taal et al (21.9%), and leprosy (33.3%) in PMVs, and for contact dermatitis (9.8%) in THs. Low PPVs, ie, proportion of correct diagnoses made by the providers, were found in both PMVs and THs, whereas the NPVs were high. PPVs higher than 50% (more correct than wrong diagnosis) were only found for tinea capitis and pyoderma in both providers and pityriasis versicolor superficial mycosis and contact dermatitis in THs. Among the 606 referrals, 70% were referred to Sunusi General Hospital, 15% to Rano General Hospital, and 15% to an unknown referral site. About 60% of the referral cases arrived and were examined by the second-line health care providers. The proportion of wrong diagnoses by the second-line health care providers was small (5% in Rano and 6% in Sunusi). Table 5 shows the proportions of therapeutic agreement between the PMVs and THs and the validators. In 82% Table 4 The performance of the algorithm assessed in terms of sensitivity, specificity, PPV, and NPV of the tested algorithm for each disease and for PMV and Th separately of the cases, the validators agreed with the choice of treatment prescribed by the PMVs and THs. There were no differences found between PMVs and THs. Only two PMVs and one TH prescribed the correct treatment in $90% of their cases (data not shown). The 12.7% of "incorrect treatment, but no harm done" included cases of pityriasis versicolor receiving miconazole cream or cases of contact dermatitis receiving ketoconazole tablets for 5 days. The ten cases (0.2%) that lacked essential treatment were all cases of pyoderma treated with ketoconazole tablets instead of antibiotics. Among the 64 cases with the risk of potential harm, 44 cases received benzylbenzoate, which may have a toxic effect for an incorrect scabies diagnosis, and one case with tinea capitis received antibiotics (data not shown).
Performance of the algorithm: treatment
Performance of the algorithm compared with Mahé's study
Performance of the algorithm is compared with Mahé et al's 37 study (Tables 5 and 6 ). Overall, the sensitivities, specificities, PPVs, and NPVs in our study were lower compared to those calculated in the study by Mahé et al, 37 especially the sensitivities for pyoderma, superficial mycosis, contact dermatitis, and leprosy (Table 6 ). This study showed a higher complete therapeutic agreement (82%) and lower risk of potential harm (1.7%) compared to Mahé et al's 37 study (66.2% and 7.4%, respectively [ Table 5 ]).
Discussion
This pilot study is one of the first studies investigating if firstline health care providers can identify and manage common skin diseases with an acceptable level of accuracy by using an algorithmic approach, eg, a flowchart with diagnostic steps. The providers participated in a 2-day training, given by experienced dermatologists, in the recognition and treatment of the common skin diseases, including tinea capitis, 
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First-line health care provider performance pyoderma, scabies, pityriasis versicolor, superficial mycosis, contact dermatitis, and referral for leprosy. The outcomes of this study reflect the pattern of skin diseases within rural areas in northern Nigeria, the performance of the algorithm as a diagnostic test, and the effect of a 2-day training on the performance among PMVs and THs.
A higher proportion of tinea capitis cases was found in this study; 59.2% of the total cases, compared to the 43% of cases in previous studies. 1, 13, 22, 23, 25 Similar to other studies, the majority of the tinea capitis cases were among boys below 15 years of age. 22, 24, [45] [46] [47] Mahé et al's 37 study also revealed a lower proportion of tinea capitis (11%), but found higher prevalence rates of pyoderma (37%), contact dermatitis (18%), scabies (13%), and superficial mycosis (13%) compared to our findings.
This study revealed a male:female ratio of 5.9:1. As several other studies have significantly lower ratios of 1.5:1 27, 34, 48 or even 1:1.4, 26,37,49 our ratio is extremely high. There are different explanations for this. The finding that 59% of all the cases were tinea capitis, predominantly found among boys (93%), may increase the ratio as it did in other studies. 29, 36, 46 Kao 50 acknowledged this finding since he found a 5:1 male:female ratio for Microsporum audouinii-related tinea capitis. Hausa beliefs prescribe that a married woman must obtain the permission of the husband before leaving the house, and many Hausa fathers are reluctant to allow their daughters to make unescorted journeys for treatment, particularly if they consider the symptoms nonthreatening and treatable with homemade herbal treatment. 51 It is highly likely that women with suspected skin problems feel uncomfortable to have pictures taken of their symptoms, or they feel uncomfortable to be examined by a male PMV or TH, or first need permission from their husbands or fathers. Therefore, since all the participating PMVs (with the exception of one) and THs in this study were men, we very likely missed a large population of female patients attending the PMVs and THs.
Various studies observed that the majority of people with a skin disorder do not seek medical advice, either because they do not see their symptoms as a problem 5 or they self-medicate. 10, 52 In Nigeria, 65% of people self-medicate and use a form of herbal remedy. 52 Since more males in this study have attended the PMVs and THs, it could be hypothesized that self-medication or herbal remedies were more successfully used in a higher number of women. The study of self-medication or herbal practices was beyond the scope of this study. It will be interesting to investigate if effective forms of herbal remedies can be added as an alternative treatment option in the flowchart.
The performance of the PMVs and THs as well as the performance of the algorithm was assessed by several statistical measures. The algorithm appeared accurate, with 82% of the cases correctly classified and 82% of the cases accurately treated. The sensitivities differed between PMVs and THs, with higher sensitivities found in THs. Furthermore, sensitivities were lower for pyoderma (56%), superficial mycosis (29%), contact dermatitis (8%), and leprosy (38%) compared to the study of Mahé et al. 37 In contrast, this study showed lower "risk of potential harm" (1.7%) compared to that of Mahé et al 37 (7.4%). Mahé et al's 37 study reveals significant differences in the methodology. First, their study excluded patients with rare dermatological disorders or with obviously different symptoms than described in the algorithm. In the present study, all patients with any type of suspected skin irregularities were included, for example an amputation stump or a scar. These conditions were categorized as "does not fit flowchart", increasing the number in this category and subsequently lowering the proportions of common skin disease categories. Second, Mahé et al's 37 study recruited dermatologists to verify each Table 6 The performance of the algorithm in this study assessed in terms of sensitivity, specificity, PPV, and NPV for each disease compared to the study of 
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Taal et al patient in person, to provide a diagnosis and to prescribe the treatment. In this study, photos of each patient were shown to two dermatologists for validation. Photos with poor quality could account for missed or inaccurate leprosy and contact dermatitis cases. Third, Mahé et al's 37 study was conducted in two dermatology clinics, assuming that the health workers have regular experience in recognizing skin diseases compared to the PMVs and THs in our study. Fourth, Mahé et al's 37 study and this study have a different epidemiological profile. It is known that higher prevalence rates of tinea capitis are found in field studies compared to hospital studies, because tinea capitis cases are often not referred to dermatological clinics and are found more often in rural than urban areas. The high proportion of tinea capitis cases in this study, therefore, had a negative impact on proportions of other common skin diseases. As tinea capitis cases were excluded, this influenced the performance of PMVs and THs, as the proportion of cases correctly diagnosed and correctly treated is then 65.5% and 70%, respectively (data not shown).
Low PPVs were found for all common diseases except tinea capitis. A low PPV indicates that many diagnoses were false positive and subsequently led to the prescription of wrong treatment. This, in combination with the low sensitivities that were found, assumes either that the algorithm is not precise or sensitive enough, or that the PMVs and THs are not sufficiently trained in differential diagnosis. The low sensitivity for contact dermatitis is not surprising, since the label "contact dermatitis" corresponds to all diagnoses other than pyoderma, scabies, tinea capitis, pityriasis versicolor, superficial mycosis, or leprosy, according to the algorithm. This may result in more false positives. The low sensitivity for leprosy can be associated with inexperience in leprosy recognition among the PMVs and THs, due to low prevalence rates. 20, 53 PMVs and THs participated in a 2-day training during which they were trained in disease recognition and therapy through using the algorithm as a diagnostic tool. Only those with an 80% pass mark were allowed to participate in the study, assuming they had sufficient knowledge and practice. Overall, 82% of the cases were correctly diagnosed by the PMVs and THs, and 82% of the cases showed complete therapeutic agreement at the end of the study, which is similar, although a little higher, compared with results from the study of Mahé et al. 37 Nonetheless, only nine PMVs and seven THs had more than 80% of the cases correct at the end of the pilot study. This could imply that the training was not effective enough for every provider (15 out of 31 providers) in the long-term. Regular training and a small seminar each year might be more effective 8 and is likely to improve their performance. Improving information on contact dermatitis and leprosy in the training curriculum may further improve results. The algorithm needs adaptation, especially for the last two diagnostic steps. Both steps in the algorithm suggest the same. If the case is not characteristic for pyoderma, scabies, tinea capitis, superficial mycosis, pityriasis versicolor, or leprosy, it is then recommended to treat and control for contact dermatitis. This option, however, can be skipped by the health care provider, and the next step in the algorithm will be "skin disease does not fit the flowchart", referring the case to one of the referral centers. Unfamiliar or unrecognizable diseases could have possibly been entered as contact dermatitis or as does not fit the flowchart. It is most probable that this accounts for the number of contact dermatitis false negatives. To prevent this dilemma for health care providers in subsequent studies, it is necessary to include symptoms of contact dermatitis in the algorithm. The health worker can then make an informed decision as to whether or not the disease fits the description of contact dermatitis or if it fits the flowchart eventually. Another improvement for the algorithm would be to insert pictorial images of signs and symptoms. This would prompt PMVs' and THs' memory of the presentation of certain diseases, although images should not be taken as a "gold standard".
Another limitation was the validity of the reference standard. Since the two validators were not blind to the initial diagnosis and treatment choices made by the PMVs and THs, there was risk for review bias, potentially inflating the performance of the algorithm. In 10% of all the cases and in 20% of the non-tinea capitis cases, the validators disagreed with each other. Although it does not remove the review bias, it indicates that reviewers take the validation process seriously. In subsequent studies, the review bias can be avoided, by not sharing the diagnosis and treatment with the validators, but ensuring that the diagnosis is made on the basis of only the photo.
In conclusion, PMVs and THs together can recognize and manage common skin diseases, with 82% of the cases correctly diagnosed and 82% correctly treated. Only 1.7% of the cases had a potentially harmful treatment. In spite of the observed low sensitivities and low PPVs for several diseases, the algorithm seems to promise improvement in management of common skin diseases at the peripheral level. However, it should be acknowledged that 15 
93
First-line health care provider performance may be termed underperformance. Furthermore, excluding the high prevalence rates of tinea capitis, performance will be lower. Further studies are needed to investigate the reasons behind differences in performance. The disappointing sensitivities in superficial mycosis, contact dermatitis, and leprosy may be avoided by adding these diseases to the training curriculum and ensuring refresher training.
